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ABSTRACT 
Most birds are active during the day and rest at night. What birds do during their resting 
phase is important because it affects their risk of predation and starvation, yet this aspect of 
their ecology is rarely studied in Australian woodland birds. I have used temperature sensitive 
transmitters to find the roosting site and measure the body temperature of two common 
Australian woodland birds, the noisy miner (Manorina melanocephala) and superb fairy-
wren (Malurus cyaneus). Noisy miners were studied during summer and winter months, with 
superb fairy-wrens only being studied in the winter with minimums of -4 oC. My results show 
that the birds are roosting in nearby areas to their day-time foraging locations, rarely leaving 
their territory. It has also been shown that there are daily and seasonal body temperature 
fluctuations in both species, as well as an example of extremely low superb fairy-wren body 
temperatures during some of the observed nights. These findings will contribute to filling in 
research gaps of their daily cycle, and provide a better understanding of woodland bird 
behaviour and thermal physiology.   
 
 
 
Keywords:  
Radio-tracking, roosting behaviour, skin temperature, torpor, woodland birds, noisy miner, 
superb fairy-wren  
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INTRODUCTION  
PATTERNS OF ACTIVITY AND RESTING BEHAVIOUR  
Body temperature (Tb) has been observed to have routine daily and seasonal fluctuations 
(Ambrose and Bradshaw 1988; Collins and Briffa 1983; Dawson et al. 1983; Kendeigh 1969; 
Maddocks and Geiser 2000). Fluctuations can occur under varying circumstances such as the 
daily cycle of ambient temperature (Ta), and the yearly sequence of seasons. An animal’s 
daily cycle is made up of two phases, the active phase and the resting phase. Diurnal animals 
are species whose active phase occurs during the photophase, or day-time, when Ta 
commonly reaches its maximum, and a resting phase that takes place during the scotophase, 
or night-time, when Ta reaches its minimum (Goldstein 1988; Green et al. 2009). Diurnal 
animals reach their Tb maximum throughout the day-time, and their Tb minimums throughout 
the night-time (Dawson 2017; Prinzinger et al. 1991). Daily Tb patterns follow a circadian 
rhythm, exhibiting Tb fluctuations with the time of day. Laboratory and field based studies 
measuring and recording the patterns in Tb throughout the active to the resting phases, show 
significant changes in Tb with the presence and absence of light (Dawson 2017; Lehmann et 
al. 2012). During the active phase, diurnal animals carry out most of their essential 
behaviours, such as reproduction, locomotion (e.g. for foraging and predator evasion), 
socialising, and grooming (Schmidt-Nielsen 1972). A key behaviour during the active phase 
is foraging, to gain the resources that are needed for energy to fuel the animal’s metabolic 
processes. The active phase also requires high rates of energy expenditure (Bednekoff and 
Houston 1994; Bonter et al. 2013; Pravosudov and Lucas 2001; Schmidt-Nielsen 1972). 
Many birds are diurnal, having poor vision at low light levels as their retinas have low 
densities of rod-type cells (Martin 1994; Meyer 1977). During the resting phase diurnal birds 
remain stationary. Finding a roosting location to remain for the duration of the night can be 
an important process for birds as they need to remain safe, as well as perform necessary 
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physiological functions and behaviours. Sleep is the main purpose of the rest-phase for many 
animals, as well as a time of physiological processes such as basal metabolism and 
thermoregulation, which are important sources of energy costs (Bucher and Worthington 
1982; Butler and Woakes 2001; Palmgren 1949).  
The rest-phase is important for birds as it is a time for sleep, which is an essential 
physiological process, and roost selection which provides overnight shelter from the weather 
and predation whilst sleeping. This rest-phase constitutes up to half of their daily cycle, and 
often last longer throughout the winter. Resting is an important period for energetic 
assimilation and conservation, making it equally, if not more, energetically important than an 
active period (Chan 1994). During the rest-phase birds remain in their roosting location for 
the duration of the night as the absence of light makes it difficult for diurnal birds to see 
(Martin 1994; Meyer 1977). Night roosts provide shelter from the weather, protection from 
predators, and a place to rest close to day-time territories (breeding and foraging areas 
(Walsberg 1986; Whitaker 2009; Zahavi 1971)). The behaviours that roosting birds perform 
change during the year such as their breeding season. During a bird’s breeding season, a bird 
can spend its night nesting, sometimes replacing roosting behaviours as birds are brooding or 
roosting close to the nest’s location. (Maziarz et al. 2017; Newton 1994; Nilsson 1984; 
Stauffer and Best 1982). There are certain trade-offs when selecting a nesting location with 
emphasis on the risk of predation, closeness to foraging areas, and species social preferences 
(co-operative breeding, or territorial), and positioning within a selected location (Aubry and 
Raley 2002; Citta and Lindberg 2007; Mainwaring et al. 2014; Martin and Roper 1988; 
Nilsson 1984; Spencer 2002; Storch 1990). The most important and unique physiological 
process during resting is sleep, with basal metabolic heat production and thermoregulatory 
heat production being key energy costs. Some mammals use the resting phase as an 
opportunity for energy saving via heterothermy to survive energy shortages in times of 
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extreme cold which can lead to energy limitations (Barclay et al. 2001; Douglas et al. 2017; 
Geiser et al. 2014). Although, there are observations of the coping mechanisms of birds in 
cold conditions with instances of torpor and torpor-like states being observed in birds in 
circumstances of strained energy budgets due to harsh environmental conditions (Geiser et al. 
2006; McKechnie and Lovegrove 2002).  
 
ENERGY BUDGETS IN RELATION TO ENVIRONMENTAL CONDITIONS  
An animal’s daily energy budget represents the amount of food that an organism needs to 
consume (or the energy it assimilates) during a daily cycle to fuel all of its physiological 
processes (Green et al. 2009). A bird’s total daily energy budget can be broken down into 
different components and is affected by both its intrinsic state (i.e. body size, food 
availability) and the environmental conditions. For non-breeding birds, energy expenditure 
must be met by energy gained through foraging, yet foraging and other movements can be 
energetically costly (Gill and Wolf 1975; Nagy et al. 1999; Tatner and Bryant 1986; Wolf et 
al. 1975). During the day-time, energy is also required for other behaviours like grooming 
and socialising (Anderson and Jetz 2005; Brown et al. 2004; Goldstein 1988; Weathers and 
Sullivan 1993). The energetic costs during resting can be divided into basal metabolic rate, 
and thermoregulatory heat production. Metabolic rate is the amount of energy expended by 
an organisms over any given time (Schmidt-Nielsen 1997), which can vary with body mass, 
as smaller animals have a higher mass specific metabolic rate than that of larger animals 
(White et al. 2008).  
Foraging can be restricted as a consequence of environmental conditions change due to 
seasonal changes, making energy replenishment not always possible. Some bird species have 
adapted specific physiological features (i.e. longer beak or webbed feet) as a result of 
specialised food requirements (Collins and Briffa 1983). These specialised physiological 
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features can sometimes limit the bird’s feeding capabilities due to some times of low food 
abundance or availability (Clayton et al. 2005; Lowman 1982; Poulin et al. 1992; Pyke 1983; 
Pyke 1985). Daily and seasonal environmental conditions and climate vary greatly. These 
fluctuations result in food resources can becoming less abundant, and putting animals under 
significant energetic stress (Poulin et al. 1992).  
In most circumstances animals are faced with seasonal fluctuations in climatic conditions and 
food availability; parts of the year have high food availability and warmer circumstances, and 
other parts of the year have low food availability and cooler climates. (Hutto 1981; Maddocks 
and Geiser 2000; Pyke 1983; Pyke 1985; Swanson 2010; Weathers and Sullivan 1993). Birds 
of differing regions experience varying extremes, with relative changes over several months 
(i.e. a winter of sub-zero temperatures), and some instances of larger extremes occurring over 
days (i.e. sub-zero to high Ta in one day (Astheimer and Buttemer 2002; Geiser and Brigham 
2012; McKechnie and Wolf 2010; Nowack et al. 2017)). During the cold many plants and 
arthropods become low in availability due to their inactivity and abundance at low Ta 
(Malmqvist et al. 2018), making foraging harder for birds that require these sources of food 
for energy (Ford et al. 2012; Lowman 1982; Pyke 1985). All birds can face harsh 
environmental conditions with food consumption limited, therefore making the maintenance 
of a positive energy budget difficult. For migratory birds, harsh environmental conditions are 
avoided by yearly migrating to regions with higher food abundance and more preferable 
climates (Alerstam and Lindström 1990). To cope with the limited energy availability some 
birds use controlled reductions in Tb to assist with energy conservation throughout a resting 
phase in cold climates (Geiser et al. 2014; Heldmaier and Ruf 1992). 
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ENERGY COSTS OF THERMOREGULATION  
Body size has a large impact on an animal’s metabolic rate and energy budget (Clarke and 
Rothery 2008; Gillooly et al. 2001; White et al. 2008). With decreasing body mass, an 
animal’s mass-specific basal metabolic rate increases exponentially, and has greater rates of 
increase in metabolic rates at cold temperatures (Schmidt-Nielsen 1997). Birds maintain 
higher Tb than mammals, with the bird’s lowest Tb being similar to that of the mammals with 
the highest Tb (Clarke and Rothery 2008; Prinzinger et al. 1991). The active-phase Tb of birds 
ranges from 38 – 42 oC, and the resting-phase Tb from 36 – 38 oC (Clarke and Rothery 2008; 
McNab 1966; Prinzinger et al. 1991), with the highest recorded Tb in small passerines 
(active: 40 – 42 oC, resting: 37 – 39 oC; (Prinzinger et al. 1991)). Both birds and mammals 
are endothermic, regulating Tb at a high and constant level using metabolic heat production. 
Endotherms maintain optimal Tb via feedback mechanisms, controlled by the hypothalamus 
(Schmidt-Nielsen 1997). Maintenance of Tb is facilitated by changes in thermal conductance 
within the thermal neutral zone, in which an organism thermoregulates to maintain its internal 
temperature at optimal levels for the performance of physiological processes (Brown et al. 
2004; Gillooly et al. 2001; Heldmaier and Ruf 1992; Schmidt-Nielsen 1997). Birds have 
several means of thermoregulation including insulative feathers, heat production through 
metabolism, and huddling whilst roosting (Kendeigh 1961; Kendeigh 1969; Kendeigh 1972; 
Veghte and Herreid 1965; Wojciechowski et al. 2011). The thermal conductance of birds is 
less than that of mammals because their feathers are more efficient insulators than fur 
(Dawson and Maloney 2004; Wolf and Walsberg 2000). Thermal physiological studies have 
shown that Tb largely decreases in the resting phase (McKechnie and Mzilikazi 2011; Ruf 
and Geiser 2015), for both birds and mammals. This study of Tb was shown to be caused by 
the light cycle of the day-time and night-time (Dawson 2017). Some bird species have been 
recorded to lower their Tb to temperatures to below 10 
oC (McKechnie and Lovegrove 2002). 
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In doing this, the difference between Tb and Ta narrows, making thermoregulation easier and 
cheaper for the birds to maintain. This facultative physiological response is referred to as 
torpor (Geiser et al. 2006; McKechnie and Lovegrove 2002; Ruf and Geiser 2015; 
Schleucher 2004).  
 
TORPOR AS A KEY ENERGY-SAVING MECHANISM  
Energy-saving is an important physiological consideration that can be achieved during an 
animal’s resting phase. Some animals have been observed to use heterothermic approaches to 
energy saving in the form of torpor. Torpor is characterized as the controlled decrease in Tb 
and other physiological functions, with the intention of a reduction in energy expenditure 
(Geiser 2004). Many species of mammals use some degree of torpor, and although torpor has 
been shown in some bird species, it is believed to be less common in birds (Ruf and Geiser 
2015). The term torpor is not often used to describe relatively shallow reductions in Tb, with 
torpor specifically referring to a state when the animal is deemed unresponsive (Prinzinger et 
al. 1991). As birds have not been shown to lower their Tb to the levels of mammals using 
torpor, slight overnight drops in Tb are commonly referred to as facultative hypothermia 
which is regarded as a shallower form of torpor (Prinzinger et al. 1991). Birds considered to 
be using controlled hypothermia are considered to be more responsive and able to wake and 
react quickly if needed (McKechnie and Lovegrove 2002; Prinzinger et al. 1991). In this 
study I use the term torpor with the same meaning as facultative hypothermia, representing 
both shallow and deep decreases in Tb.   
The use of torpor has been observed in many small bird species, as well as some relatively 
larger species (Geiser et al. 2006; McKechnie and Lovegrove 2002; Ruf and Geiser 2015). 
The earliest use of torpor by birds was anecdotal observations of captive hummingbirds in 
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South America in the mid-1800s (Wilson and Bonaparte 1831). Overnight observations of 
captive individuals progressed into studies of the roosting habits of hummingbirds, which 
revealed the use of deep overnight torpor that rendered the birds unresponsive and requiring 
several hours to re-establish normal functions (Lasiewski 1963). With their smaller body 
mass, hummingbirds have high metabolic rates and Tb, with both being observed to decrease 
by up to 50% throughout torpor (Krüger et al. 1982; Lasiewski 1963). Studies of 
hummingbirds in other continents reveal that torpor use is not common amongst all species, 
with some North American species not dropping to overnight temperatures as low as the 
South American species (Beuchat et al. 1979). This difference amongst species could be a 
result of Ta not dropping to colder extreme temperatures as the southern species. Torpor has 
now been measured in several bird species as an overnight reduction in Tb much lower than 
normothermic levels (McKechnie and Lovegrove 2002). Swallows were other early examples 
of birds to be observed in torpid states, with early evidence of swallows being found 
‘hibernating’ in communal roosts in North American and Australia (Dove 1923; Lasiewski 
and Thompson 1965; Serventy 1970). Torpor is not only limited to diurnal birds, or birds 
with small body masses, as large frogmouths, nightjars, and owls have been shown to use 
torpor throughout the day when they are roosting (Ruf and Geiser 2015). These larger birds 
(e.g. Caprimulgiformes like the tawny frogmouth (Podargus strigoides), and owlet night-jar 
(Aegotheles cristatus), size 50 – 500 g) also use torpor with Tb minimums ranging from 22 – 
29 oC (Brigham et al. 1998; Doucette et al. 2011; Körtner et al. 2001; Körtner and Geiser 
1999; Stulberg et al. 2018).  
The thermal physiology of several bird families has been explored specifically looking at 
heterothermic behaviours in birds for energy due to the lack of knowledge in many species. A 
review on facultative hypothermia has collated all studies of avian thermal physiology 
analyzing the use of controlled reductions in Tb, including torpor, hibernation, and controlled 
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hypothermia (McKechnie and Lovegrove 2002). Birds were shown to exhibit great variability 
in their Tb, due to their body size and location (Chan 1994; Clarke and Rothery 2008; 
McKechnie and Mzilikazi 2011). Globally, it was shown that passerine torpor was limited, 
with reductions below 10 oC being recorded in only seven of the total species studied. These 
large Tb reductions were seen in the Trochilidae, Hirundinidae, and Nectariniidae, families 
which contain many of the world’s smallest known bird species. Australian representation in 
this review was small, with only 11 species being included of the total 94 species in the 
review, due to a large Australian research gap on this topic (McKechnie and Lovegrove 
2002). More recently, a publication on the use of torpor in Australian birds has discussed all 
data referring to the use of torpor in Australian birds (Geiser et al. 2006). Australian studies 
of torpor are limited to only three avian orders with minimum Tb reductions ranging from 20 
– 30 oC, and torpor durations of up to 12 hours (Geiser et al. 2006; McKechnie et al. 2017; 
McKechnie and Lovegrove 2002).   
 
PHYSIOLOGICAL ECOLOGY OF AUSTRALIAN WOODLAND BIRDS  
The largest order of Aves is the Passeriformes. Passerine birds are small perching songbirds, 
made up of over 110 families, and over 5,000 species. Worldwide passerines make up 
roughly 60% of all bird species, with roughly 300 species in Australia (Barker 2004; Jetz et 
al. 2012; Jønsson and Fjeldså 2006; Raikow and Bledsoe 2000). Passerines make up over half 
of all birds in Australia, with 80% of bird families being passerine and 89% of species being 
endemic to the Australasian continent (Joseph 2017). It has been shown through genetic 
studies that the passerines have a Gondwanan origin, initially evolving in Australia and New 
Zealand and moving up through Asia into Europe and the Americas (Ericson et al. 2002; 
Feduccia 1995). Woodlands makeup a large portion of Passerine habitat in much of the 
world, including Australia. Bird species found within woodlands are diverse and often found 
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in high abundance (Luck et al. 2015; Montague-Drake et al. 2009). Australian woodland 
birds are made up of a variety of orders including Accipitriformes, Strigiformes, 
Psittaciformes, and Passeriformes. Birds fulfill important functions in woodland ecosystems 
including smaller birds preening parasites off of trees to keep them healthy, large birds of 
prey managing small rodents and pests, and honeyeaters and other nectar foragers pollinating 
native flora (Higgins et al. 2001; Macdonald 1973).     
In this study, I studied the roosting behavior and thermoregulatory patterns of two common 
and well-studied Australian passerine species, the noisy miner (Manorina melanocephala) 
and the superb fairy-wren (Malurus cyaneus). Both of these species are common and 
widespread across eastern Australia. The noisy miner is a medium-large (40 – 60 g) sized 
honeyeater in the family Meliphagidae endemic to Eastern Australia, being found from 
Northern Queensland down to Tasmania. Noisy miners are communal birds, often staying in 
large family groups and participating in communal territory defence and co-operative 
breeding. They are nectivorous birds, but also eat insects. Noisy miners live in woodlands 
and open forests as well as becoming well adapted to urban situations in recent times. With 
agricultural development in Australia natural woodlands are disappearing or becoming 
fragmented (Hinsley et al. 1995; May and Norton 1996; Watson et al. 2003). This 
fragmentation is pushing birds into smaller shared habitats where they once did not occur, 
leading to changes in the habitats’ ecology. The presence of noisy miners at high abundance 
results in large negative influences on bird communities and ecology. This makes noisy 
miners an important species for natural ecosystems, as their presence has strong impacts on 
the abundance of smaller species (Grey et al. 1998; Haythorpe et al. 2014; Montague-Drake 
et al. 2011).   
Superb fairy-wrens are small passerines (7 – 10 g) found along the south-eastern edges of 
Australia (Macdonald 1973). They belong to the Maluridae family, a family endemic to 
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Australia and closely related to the honeyeaters, Australian wrens and bristlebirds (Barker 
2004; Jønsson and Fjeldså 2006; Raikow and Bledsoe 2000). Superb fairy-wrens are 
territorial birds that live in family groups, participating in co-operative breeding, and group 
foraging. Superb fairy-wrens are a commonly studied species in Australia, with many 
behavioural studies focusing on their social structure, vocalizations, and breeding behaviour 
(Cockburn et al. 2009; Colombelli-Négrel et al. 2012; Double and Cockburn 2000; Dunn et 
al. 1995; Mulder 1997; Rowe et al. 2010). Some fairy-wren females have been observed to 
travel before dawn, into other territories to mate with other males (Double and Cockburn 
2000). Males have also been observed to become active pre-dawn to form social calling leks 
attracting females that are traveling between territories for mating (Cockburn et al. 2009). 
Anecdotal evidence suggests superb fairy-wrens roost low to the ground shrubbery (<2 m), 
with their family groups, forming a huddle, close together for energy saving on colder nights, 
and predator protection (Higgins et al. 2001). 
 
AIMS AND EXPECTED OUTCOMES 
In this study, I aim to measure the Tb of free-ranging Australian woodland birds, as well as 
the observations their roosting behaviours during summer and winter. In doing this, I will fill 
research gaps on the thermal physiology and roosting behaviours of free-ranging Australian 
passerines whilst also answering questions regarding their heterothermic properties. Two 
Australian passerine species, the noisy miner and superb fairy-wren, will be used to examine 
the use of possible avian torpor and their specific roosting behaviours. Both birds are 
sedentary and territorial, therefore remaining in one area over differing seasons, and coping 
with the climates faced in their habitats all year round (Higgins et al. 2001). The 
thermoregulation of both target species is unknown, with no field Tb data recorded. The 
roosting behaviour for both species had not been studied in detail, with only anecdotal 
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evidence of observed roosting locations (Higgins et al. 2001). It is expected to be found that 
these birds, like some mammals can lower their Tb and metabolic rate to levels much below 
normothermic levels entering a torpid state to preserve energy (Geiser et al. 2006; Ruf and 
Geiser 2015), and that the roosting behaviours will have large impacts on the bird’s 
thermoregulatory properties, positioning and closeness to foraging areas, connection to 
nesting, and protection from predators. 
 
METHODS 
STUDY SITE 
This study was conducted in a rural landscape on the north-western edge of the Greater 
Sydney from March 2018 until September 2018. Birds were studied over two field seasons, 
winter (August and September) and summer (March, April, and May). The study was 
conducted at two sites: the rural environment of Western Sydney University’s Hawkesbury 
Campus (33.6138º S, 150.7500º E), which consisted of patches of remnant woodland 
vegetation, paddocks, buildings, roads and gardens, and a large remnant of natural woodland 
called Windsor Downs Nature Reserve (33.6497º S, 150.8030º E). 
 
TRAPPING 
All birds were trapped using mist nets in areas that they have been previously observed. Two 
species of native Australian passerine were targeted for this study, the noisy miner, and the 
superb fairy-wren. The birds were attracted to the mist nets using call-playback, with a 
taxidermy bird model grey butcher-bird (Cracticus torquatus) or pheasant coucal (Centropus 
phasianinus) placed on the ground next to the net to stimulate mobbing behaviour around the 
net. Trapping was conducted in the early morning or late afternoon and at low wind levels. 
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All fairy-wrens were captured using mist nets in collaboration with volunteer bird banders 
who are members of the Australian Bird Study Association (ABSA). Up to 12 mist nets were 
erected at dawn (06:00) and checked every 15 minutes until approximately midday. Caught 
birds were banded by members of ABSA and a subsample were used for radio-tracking in 
this study. Captured birds were weighed to ensure the transmitter and glue would be less than 
5% of their mass (Calvo and Furness 1992; Naef-Daenzer et al. 2001; Raim 1978). 
 
FIELD SKIN TEMPERATURE AND NGHT-TIME RADIO TRACKING 
Field Tskin was measured as an indication of Tb for all birds captured in this study. 
Temperature-sensitive fm radio-transmitters (BD-2T 0.8 g, LB-2XT 0.3 g; Holohil Systems 
Ltd) were used to obtain field Tskin from the birds over periods lasting up to 29 days. The 
larger BD-2T transmitters were refurbished units with a magnetic reed switch and were 
calibrated using a water bath and certified digital precision thermometer at temperatures of 5 
ºC increments between 5 and 45 ºC. The smaller LB-2XT transmitters were solder activated 
and were provided with pre-measured calibration curves. The calibration data were used to fit 
2nd order polynomial equations that were used to derive transmitter temperature from 
recorded pulse intervals. To attach the transmitters, feathers were parted in the interscapular 
region to expose a small area of bare skin. Transmitters were then glued to the skin using a 
thin smear of a latex based skin adhesive (Sauer skin adhesive; Manfred Sauer GMBH – 
Hersteller von Medizinprodukter). Birds were held for up to ten minutes to allow glue 
adhesion and then released within 200 m of their site of capture. A receiver/data-logger 
(R4500S, Advanced Telemetry Systems) connected to either a H-frame or omni-directional 
antenna was then placed within 50 m of the roosting site, to record the pulse interval of each 
transmitter every three minutes for the duration of the transmitter’s battery life (BD-2T = max 
29 days; LB-2XT = max 22 days), or until detachment. Data-loggers were moved throughout 
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the study when needed to ensure as much as possible they remained in reception range of the 
transmitters.  
 
HABITAT FEATURES 
For each location of a roosting bird several environmental factors were measured, including 
Ta and weather fluctuations. Ambient temperatures were measured using thermocron 
temperature loggers (iButtons) placed in branches <1 m from the location of observed 
roosting birds, and regional climate data (rainfall and wind speed) were obtained from online 
sources (weatherzone.com.au) for the Hawkesbury region.  
 
RADIO TRACKING AND ACTIVE OBSERVATIONS   
Beginning on the night following release, birds carrying transmitters were radio-tracked 
during the night between 18:00 and 23:00 to find their roosting locations using a receiver 
(Australis 26k scanning receiver; Titley Scientific) and a Yagi antenna. When searching for 
the exact roost locations, effort was made to reduce noise and to keep lights dimmed and 
pointed towards the ground. After the roosts were found, red-light torches were used to locate 
specific individuals, and to search all other trees within 20 m other roosting birds of the same 
species. The active home-range of the birds was determined by also recording the locations of 
birds during their active period (i.e. during the day-time). The general location of the birds 
was recorded at different times during several days over the duration of the radio-tracking 
period, and notes were taken about their behaviour, including perching, foraging, grooming, 
drinking, flying, and socialising. Birds were radio-tracked to their day-time locations and 
observed using binoculars (Nikon, action extreme 7 x 35). The day-time and night-time 
observations were recorded using a handheld GPS (UTM coordinates), and later mapped 
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using the software Google Earth (googleearth.com). The map layout and relevant waypoints 
were then replicated in Adobe Illustrator to develop maps of the bird’s day-time and night-
time range. A perimeter line connecting the outermost locations was used to provide an 
estimate of the maximum active area (ha).  
 
DATA ANALYSIS 
To associate the previous day-time activity period with the following night-time period of 
nightly resting period, 24 h experimental days were designating to begin at the time of sunrise 
on the current calendar day. Statistical analysis was conducted using the program R version 
3.2.3, interfaced with RStudio version 1.0.136 (R Core Team 2015; RStudio Team 2016). All 
data are shown with as the mean of individual means ± 1 SD. To explain various Tskin 
response variables, linear mixed effects models (LME) were fitted using the package ‘lme4’ 
(Bates et al. 2015) and P-values were calculated using the package ‘lmerTest’ (Kuznetsova et 
al. 2017). Initial global models were constructed to explain each of three variables explaining 
daily Tskin: daily maximum Tskin, daily minimum Tskin, and the daily mean Tskin. For each of 
these response variables, a global model was fitted that included the following explanatory 
variables as fixed effects: maximum wind speed (km/h), rainfall (mm), cloud cover (okta), 
barometric pressure (hPa), Ta daily mean (ºC), Ta day-time (ºC), and Ta night-time (ºC). Each 
model included individual identity as a random effect on the intercept. Each global model 
was simplified by removing non-significant fixed effects until only significant effects were 
retained or when no fixed effects were found to be significant the model was not included in 
the results. 
 
16 
 
ANIMAL ETHICS AND LICENSING APPROVAL 
The research presented in this thesis was compliant with Australian code for the care and use 
of animals for scientific purposes 8th edition 2013, the New South Wales Animal Research 
Act 1985 No 123, and the Animal Research Regulation 2011. Approval was received from 
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RESULTS  
NOISY MINER 
A total of 15 noisy miners were captured for this study (n = 5, summer; n = 10, winter) 
throughout two field seasons, summer (March-May) and winter (August-October). Of the 
total number, data from four noisy miners was not used due to data-logger errors resulting in 
no data being collected, or the birds straying too far from the study site making them unable 
to be re-tracked and out of reach of the data-loggers. The four birds were tracked during the 
study, yet collected data was not consistent Tskin traces. Over the summer period (March, 
April and May) the study area had a mean daily temperature of 21.1 ± 2.3 ºC (range: 16.4 – 
24.0), with a mean maximum of 27.6 ± 4.4 oC (range: 20.0 – 34.6), and mean minimum of 
15.6 ± 2.8 ºC (range: 7.4 – 19.5). Rainfall was experienced for 6 out of the 32 nights, and a 
mean maximum wind speed of 37.2 ± 14.8 km/h (range: 4 – 65). The winter period (August-
October) experienced much colder conditions with mean temperatures of 13.7 ± 3.2 oC 
(range: 7.3 – 20.7), maximum Ta of 21.1 ± 5.2 ºC (range: 13.8 – 32.9), and minimums of 6.4 
± 3.5 ºC (range: -1.7 – 12.2). Maximum wind speed was 34.8 ± 11.5 km/h (range: 15 – 72), 
and rain was seen over eight of the observed days.  
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HABITAT USE – ACTIVE PHASE 
During the summer birds were observed on 100% of radio-tracking nights attempted, with 
birds always roosting in the same trees on each occasion. Radio-tracked birds roosted in the 
same areas each night, along with other individuals of the same species, although it was not 
known if those other individuals were at the same location each night. Noisy miners were 
observed to be living in groups residing in the same area, all within 100 m of the capture 
sites. The largest area of observed active points was 1.34 ha), which was also the longest time 
any bird in this season was radio-tracked (Table 1; Fig. 1). Two birds found in the same area 
had overlapping active points, and roosting trees in close proximity (<10 m; Fig. 1). All of 
these field areas were observed to be used for foraging, socialising, and roosting. Winter 
roosting locations were observed to be in a cluster of five trees, with higher concentrations of 
birds being found mostly in two of the trees, within close proximity to the bird’s active points 
(Table 1).  
 
Table 1. Distance of sighted locations of active birds to roost (range), and area of active point 
areas for each individual, with location and number of active sightings.  
ID 
Days 
Recorded 
Number of 
sightings 
Mean distance to roost 
(m) 
Area of active points 
(ha) 
Summer | n = 4 | 3 roost trees 
NM1 16 12 
59 ± 29 
(15 – 100) 
1.34 
NM2 3 3 
36 ± 22 
(18 – 51) 
0.046 
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NM3  6 4 
77 ± 64 
(23 – 137) 
0.47 
NM4 7 4 
113 ± 86 
(29 – 192) 
0.74 
Winter | n = 7 | 6 roost trees 
NM5 6 5 
69 ± 34 
(39 – 96) 
0.25 
NM6 8 7 
40 ± 24 
(3 – 66) 
0.39 
NM7 8 5 
114 ± 79 
(36 – 193) 
0.62 
NM8 17 4 
193 ± 102 
(112 – 268) 
0.94 
NM9 29 8 
161 ± 67 
(98 – 211) 
1.23 
NM10 13 5 
123 ± 56 
(84 – 148) 
0.83 
NM11 9 4 
152 ± 128 
(25 – 281) 
1.32 
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Figure. 1. Location of radio-tracked noisy miners during summer months at three sites. 
Foliage is indicated by grey areas. Stars indicate observed roosting locations, and black dots 
indicate locations during the active phase, with trapping locations being shown by the dotted 
lined areas.  
 
A total of seven individuals were captured and radio-tracked during the winter period. The 
tracked birds were observed in four roosting sites were close to the middle of (mean: 71 ± 33 
m; Table. 1; Fig. 2), in varying species of trees, all close to the ground (<2 m). The total area 
containing all locations of active birds was 121 ± 53.3 m (range: 40 – 193; n = 7; Table 1).   
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Figure. 2. Observed points of seven noisy miners in the winter, foliage is indicated by grey 
areas. Stars indicate observed roosting locations, and black dots indicate active sightings, 
with trapping locations being shown by the dotted lined areas. 
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HABITAT USE – RESTING PHASE  
The height of roosting birds was 5.8 ± 4.3 m (range: N = 73 roost observations) in the 
summer and 10.5 ± 2.6 m (N = 77 roosting bird observations) in the winter (Table 2; Fig. 3). 
Two of the roost trees were constantly illuminated by a floodlight in a carpark at night. The 
noisy miners did not appear to be disturbed by researcher’s presence, with even close (albeit 
silent) inspection (<1 m from the birds) not causing any apparent disturbance. Other 
untracked birds of the same species were observed in the same roosting trees as radio-tracked 
birds. In the summer the distance to other roosting birds was 1.8 ± 1.8 m (range: 1.2 – 13.6; n 
= 4; Table 2), and 1.1 ± 1 m (range: 0.13 – 3.7; n = 7; Table 2) in the winter. All trees in a 20 
m area of roosting were observed for other roosting individuals using red-light torches and 
binoculars. The distance of roosting birds from the trees’ trunk was 7.2 ± 2.5 m (range: 0.05 – 
9.5; n = 4; Table 2) in the summer season and 2.1 ± 0.7 m (range: 0.2 – 4; n = 7; Table 2) in 
the winter. The distance to the edge of the canopy vegetation was 1.1 ± 1.9 m (range: 0.02 – 
9.4; n = 4; Table 2) and 0.9 ± 0.6 m (range: 0.15 – 2.6; n = 7; Table 2) in the winter.  
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Figure. 3. Frequency histogram of the height of all radio tracked and non-radio tracked night 
roosting birds located during (a) summer and (b) winter. 
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Table 2. Characteristics of night-time roost locations used by Noisy Miners found by radio-
tracking and incidentally nearby to radio-tracked birds. Shown are mean values and ranges. 
Roost Measurement (m) Summer (n = 73) Winter (n = 77) p-value 
Height off of the ground  
5.8 ± 4.3  
(3.0 – 21.2) 
10.5 ± 2.6 
(5.0 – 14.7) 
<0.0001 
Distance from closest bird  
1.8 ± 1.8 
(0.05 – 9.5) 
1.1 ± 1 
(0.13 – 3.7) 
<0.0001 
Distance to the trunk  
7.2 ± 2.5 
(1.2 – 13.6) 
2.1 ± 0.7 
(0.2 – 4.0) 
0.139 
Distance to canopy edge  
1.1 ± 1.9 
(0.02 – 9.4) 
0.9 ± 0.6 
(0.15 – 2.6) 
0.411 
 
THERMOREGULATION 
Skin temperature was recorded in 11 individuals (n = 4 summer; n = 7 winter) for a total of 
112 days (mean: 11 ± 7 days per individual). Four other individuals were also captured in this 
study, yet their Tskin data was not usable due to the bird not being in range of the data-logger 
after release, and data-logger failure.  
 
Table 3. Daily skin temperature (mean ± 1 SD, range; ºC) over the entire 24 h (daily) and 
over the photophase (i.e. active period) and scotophase (resting period), and the daily 
minimum temperature for free-ranging noisy miners during summer and winter.  
ID Days Daily (ºC ) Photophase (ºC ) Scotophase (ºC ) Daily minimum (ºC ) 
Summer | n = 4  
NM1 16 
38.4 ± 0.8 
(38.3 – 40.0) 
40.0 ± 0.2 
(38.6 – 40.2) 
38.6 ± 0.4  
(39.0 – 40.4) 
37.0 ± 1.3 
(34.5 – 38.8) 
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Skin temperature exhibited a distinct daily pattern between an average of 40.7 ± 1.3 ºC during 
the day-time and 37.6 ± 2.1 ºC during the night-time (Table 3; e.g. Fig. 4a). Maximum Tskin 
was measured during the middle of the day (mean day: 41.1 ± 0.2 ºC; Table 3; Fig. 4), and 
lowest point during its resting phase (mean night: 39.7 ± 0.2 ºC; Table 3; Fig. 4). The 
fluctuations seen in Tskin are consistent with fluctuations of Ta over the same period, as seen 
NM2 3 
39.1 ± 1.0 
(38.6 – 39.4) 
39.8 ± 0.6 
(39.2 – 40.2) 
38.1 ± 0.4 
(38.6 – 39.3) 
38.6 ± 1.1 
(36.8 – 40.5) 
NM3 6 
38.4 ± 2.0 
(37.0 – 39.9) 
40.0 ± 1.3 
(38.5 – 41.5) 
36.6 ± 0.7  
(36.9 – 39.1) 
37.0 ± 2.2  
(33.3 – 40.2) 
NM4 7 
36.5 ± 2.7 
(33.7 – 38.8) 
38.6 ± 1.8 
(33.2 – 37.4) 
34.0 ± 0.4 
(33.2 – 37.4) 
36.7 ± 2.2 
(33.6 – 40.8) 
Winter | n = 7 
NM5 6 
39.7 ± 2.2  
(36.3 – 41.1) 
40.5 ± 2.3 
(37.2 – 41.6) 
38.9 ± 1.9 
(39.5 – 42.5) 
36.3 ± 3.6  
(30.8 – 42.0) 
NM6 8 
39.2 ± 1.9  
(37.8 – 40.5) 
40.7 ± 0.9 
(39.3 – 41.7) 
37.5 ± 0.9 
(37.4 – 40.5) 
37.8 ± 2.1 
(35.2 – 40.8) 
NM7 8 
38.6 ± 1.8  
(36.1 – 40.0) 
40.0 ± 1.7 
(36.4 – 40.3) 
36.9 ± 0.5 
(36.0 – 39.7) 
36.1 ± 1.8 
(31.9 – 39.3) 
NM8 17 
39.4 ± 2.1  
(36.7 – 41.0) 
41.2 ± 0.9 
(38.7 – 42.5) 
37.4 ± 0.8 
(36.5 – 41.3) 
36.7 ± 2.8  
(33.6 – 40.8) 
NM9 29 
38.7 ± 2.0 
(34.0 – 41.2) 
40.4 ± 0.8 
(36.2 – 42.7) 
36.7 ± 0.7 
(32.6 – 41.5) 
36.0 ± 3.0 
(30.7 – 40.7) 
NM10 13 
39.1 ± 1.6 
(37.2 – 40.5) 
40.4 ± 0.7  
(38.5 – 42.0) 
37.5 ± 0.4 
(36.7 – 40.2) 
37.2 ± 1.7 
(35.0 – 39.3) 
NM11 9 
39.4 ± 1.7 
(37.8 – 41.0) 
40.9 ± 0.9 
(39.0 – 42.4) 
37.7 ± 0.4 
(36.9 – 39.8) 
37.8 ± 1.5 
(35.9 – 40.4) 
Overall  
Winter 
 
38.7 ± 1.4 
(35.1 – 42.5) 
40.9 ± 1.0  
(38.9 – 43.3) 
37.5 ± 1.6 
(34.0 – 42.4) 
35.4 ± 2.3 
(28.7 – 41.2) 
Overall 
Summer 
 
39.0 ± 1.7 
(34.6 – 40.5) 
40.2 ± 1.3 
(36.4 – 41.4) 
38.0 ± 2.5  
(32.9 – 40.0) 
36.6 ± 2.5  
(30.1 – 39.0) 
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on the night of March 28th (Fig 4a). The fluctuations in Tskin can be seen to be gradual stepped 
increases and decreases at times of sunrise and sunset (Fig. 4b). The largest decreases were 
observed in the late afternoon with sudden and short decreases in Tskin lasting 45 minutes, and 
was observed to be coinciding with birds bathing (Fig. 4b).   
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Figure. 4. (a) Daily fluctuations of Tskin (dots) recorded for a free-ranging noisy miner (NM1) 
and Ta (lines) during March and April 2018, and shown for three days in greater temporal detail 
(b). The night (rest) phase is indicated by the black bars. Note the brief sudden decreases in 
Tskin occurring the mid-afternoon appeared to coincide with times of bathing by the birds. 
 
The highest mean temperatures were observed during the middle of the day between 11:00 – 
13:00 at 40.8 ± 0.4 ºC (n = 4; Fig. 5a), and the lowest mean temperature being recorded late in 
the night to the early morning 23:00 – 01:00, 37.5 ± 1.6 ºC (n = 4; Fig. 5a) during the summer. 
During the winter, Tskin fluctuated from daily maximums recorded over midday hours at 41.4 
± 0.2 ºC (n = 7, Fig, 5b), and a daily minimum at 22:00 – 01:00 of 36.7 ± 0.3 ºC; n = 7; Fig. 
5b).  
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Figure. 5. Skin temperature (ºC) measurements for free-ranging noisy miners during, (a) the 
summer (n = 4), and (b) winter (n = 7). Points are shown as mean ± 1 SD of individual 
means. Black bars indicate the resting (night) time.  
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CIRCADIAN PATTERNS OF SKIN TEMPERATURE 
Time of warming of Tskin during summer occurred within 3 hours prior to sunrise (05:00-
07:00), with re-warming being completed before sunrise on 100% of recorded days (mean: 
04:07 ± 0.03 minutes; range: 03:00 – 06:06; Fig. 6a).  There was difference among 
individuals in the average timing of re-warming, with NM1 and NM2 warming the earliest 
with median re-warming occurring more than 2.5 hours before sunrise, and the others re-
warming later (Fig. 6a).  Time of cooling during the summer occurred close to sunset, with 
some instances occurring 1 – 1.5 hours before sunset (mean: 17:44 ± 0.03 minutes; range: 
16:00 – 18:21; Fig. 6b). The most frequent time of cooling was at the time sunset, with up to 
14 instances of cooling initiating at this time (Fig. 6b). NM2 was tracked for only two nights, 
therefore showing small representations of both warming and cooling data for that individual. 
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Figure. 6. Time of warming in summer relative to (a) sunrise for four individuals, with 
frequency histogram, and black bar indicating darkness before sunrise, and time of cooling in 
summer (b) sunset for four individuals, with frequency histogram, and black bar indicating 
darkness after sunset.  
 
Over the winter period, noisy miners had re-warmed before the sun rose on all occasions. The 
highest frequency occurring two hours before sunrise and the earliest an individual re-
warmed was up to four hours before sunrise (mean: 04:28 ± 0.03 minutes; range: 02:00 – 
05:49; Fig. 7a). Cooling in the summer was most frequent over actual sunset, with over 45 
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instances of birds cooling at that time (mean: 17:36 ± 0.02 minutes; range: 15:54 – 18:35; 
Fig. 7b). Cooling was observed to occur before sunrise, with the earliest time seen up to two 
hours before, as well as several instances of cooling occurring up to 1.5 hours after sunset 
(Fig. 7b).  
  
Figure. 7. Time of warming in winter relative to (a) sunrise for seven individuals, with 
frequency histogram, and black bar indicating darkness before sunrise, and time of cooling in 
winter (b) sunset for seven individuals, with frequency histogram, and black bar indicating 
darkness after sunset.  
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WEATHER EFFECTS ON SKIN TEMPERATURE  
Of the three global models explaining Tskin response variables, significant fixed effects were 
apparent only for minimum Tskin and mean daily Tskin. Minimum Tskin was positively affected 
by maximum daily Ta (t = -2.5, p = 0.02; Table 4a; Fig. 8a), which was typically recorded in 
the early afternoon of the previous day (beginning at sunrise). Similarly, the mean summer 
daily Tskin was also positively affected by the maximum summer Ta (t = 2.7, p = 0.01; Table 
4b, Fig. 8b) of the Ta recorded on the previous day.  
 
Table 4. Results of linear mixed models showing the partial effects of (a) daily maximum 
ambient temperature on daily minimum skin temperature, and (b) daily maximum ambient 
temperature on daily mean skin temperature. 
fixed effects estimate s.e. d.f. t-stat. p-value 
a) minimum daily skin temperature – winter (ºC; R2marginal = 0.06, R2conditional = 0.32; n = 7) 
Intercept 37.9 1.1 58.2 34.5 <0.0001 
maximum winter daily ambient temperature (ºC) -0.11 0.05 86.7 -2.5 0.02 
b) mean daily skin temperature – summer (ºC; R2marginal = 0.08, R2conditional = 0.9; n = 4) 
intercept 36.40 1.2 13.2 31.3 <0.0001 
maximum summer daily ambient temperature (ºC) 0.19 0.07 23.2 2.7 0.01 
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Figure. 8. Results of final linear mixed effect models showing the partial effects of (a) daily 
maximum ambient temperature on daily minimum skin temperature, and (b) daily maximum 
ambient temperature on daily mean skin temperature. Shown are fitted regression lines 
(black), 95% confidence intervals (grey), and residuals (dots). Both initial global models 
included the non-significant potential explanatory variables of daily mean, daily maximum, 
and daily minimum Ta, and the final models included individual identify as a random factor. 
 
Global models explaining time of re-warming response variables, significant fixed effects 
were apparent only for time of warming in summer, and the time of warming in winter. The 
final LME model explaining time of warming during summer included a positive effect of 
cloud cover at 9 am on the same day (t = 2.34, p = 0.05; Table 5a, Fig. 9a) and a negative 
effect of cumulative rainfall up until 9 am on the same day (t = -2.65, p = 0.03; Table 5a, Fig. 
9b). During the winter, time of warming relative to sunrise was positively correlated with 
cloud cover the day before, at 9 am (t = 0.01, p = 0.008; Table 5b, Fig. 9c).  
 
Table 5. Results of linear mixed models showing effects of the partial effects (a) of time of 
warming relative to sunrise – summer on cloud cover at 9 am and rainfall, and (b) time of 
warming relative to sunrise – winter on cloud cover 9 am.   
fixed effects estimate s.e. d.f. t-stat. p-value 
a) time of warming relative to sunrise – summer (h; R2marginal = 0.50, R2conditional = 0.50; n = 4) 
intercept -3.62 0.70 7.00 -5.14 0.001 
cloud cover at 9 am (okta) 0.18 0.08 7.00 2.34 0.05 
rainfall (mm) -0.14 0.05 7.00 -2.65 0.03 
b) time of warming relative to sunrise – winter (h; R2marginal = 0.30, R2conditional = 0.45; n = 7) 
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intercept -1.59 0.60 21.73 -2.64 0.01 
cloud cover at 9 am (okta) -0.09 0.03 21.32 -2.99 0.008 
 
Results of final LME models showing the partial effects (a) of time of warming relative to 
sunrise – summer, on cloud cover at 9 am, and rainfall, and (b) time of warming relative to 
sunrise – winter, on cloud cover at 9 am. Shown are fitted regression lines (black), 95% 
confidence intervals (grey), and residuals (dots). Both initial global models included the non-
significant potential explanatory variables of maximum wind speed (km/h), rainfall (mm), 
and the final models included individual identify as a random factor. 
 
 
Figure. 9. Results of final LME models showing the partial effects (a) of time of warming 
relative to sunrise – summer, on cloud cover at 9 am, and (b) rainfall, and (c) time of 
warming relative to sunrise – winter, on cloud cover at 9 am. Shown are fitted regression 
lines (black), 95% confidence intervals (grey), and residuals (dots). Both initial global models 
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included the non-significant potential explanatory variables of maximum wind speed (km/h), 
rainfall (mm) and barometric pressure (kPa), and the final models included individual 
identify as a random factor. 
 
SUPERB FAIRY-WREN  
 
A total of seven superb fairy-wrens were captured and had Tskin measurements recorded over 
this study in the winter period (June and July 2018). Of the seven birds recorded, one 
individual’s data was not included due to the bird being unable to be re-tracked. The mean 
daily temperature was 9.9  3.1 ºC with a maximum mean reading of 19.6  3.3 ºC, and 
minimum Ta of 5.1
 ºC. Rainfall was experienced on the last day of the study (1.9 mm).  
 
HABITAT USE – ACTIVE PHASE 
Birds were located during their daytime active phase on 68% of days (17 out of 25 days) 
tracked. All locations of active birds were <200 m distance from the location of the bird’s 
night-time roosting location(s) and also the capture sites. Fairy-wrens were tracked during 
their active period approximately every third day. The location of the night-time roosts for 
each bird did not change during the study, with three individuals roosting individually, or 
with other untracked birds, and three tracked fairy-wrens roosting together. The total area 
containing all locations of active birds was 1.34 ± 0.85 ha (range: 0.6 – 2.9; n = 6), with the 
largest being 2.87 ha and the smallest 0.56 ha (Table 1). The ranges of individual active birds 
overlapped to varying degrees (Fig. 1). The distance from locations of birds during their 
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active phase and their night roost locations was on average 88.9 ± 23.1 m (range: 14 – 286) 
and varied between 13.8 m and 286.3 m (Table 1).  
 
Table 1. Mean distance of active sightings to roosting sites (range), and area of active area 
points for each individual, with sex and number of active sightings.  
ID Sex 
Number of 
sightings 
Mean distance to roost 
(m) 
Area of active points 
(ha) 
n = 6 | 4 roost locations 
FW1 ♂ 6 
115 ± 107 
(20 – 286) 
2.9 
FW2 ♀ 9 
113 ± 57 
(76 – 161) 
1.7 
FW3 ♀ 5 
70 ± 50 
(27 – 137) 
0.9 
FW4 ♂ 7 
83 ± 52 
(36 – 137) 
0.7 
FW5 ♂ 5 
96 ± 67 
(28 – 159) 
1.4 
FW6 ♂ 6 
58 ± 44 
(14 – 124) 
0.6 
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Figure. 1. Active point areas for superb fairy-wren (n = 6) in winter, within Windsor downs 
nature reserve, near Richmond, New South Wales. Birds during their active phase are 
displayed as black dots, and the night-time roosting location is shown as the star point. 
Trapping areas are shown by dotted areas.  
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HABITAT USE – RESTING PHASE  
On all of the observed days fairy-wrens roosted close to the ground (<3 m) in acacia or 
eucalypt shrubs (sample size: N = 4 roost observations). Of the seven fairy-wrens observed, 
three always roosted together in the same location, and the other three roosted separately and 
with other untracked individuals. Individual roosting behaviours were not directly observed 
due to the birds flying away, and one individual was unable to be re-tracked. Birds were 
approached carefully with quiet steps across leaf litter and the use of red light torches, yet 
when approached the fairy-wrens always became vocal and agitated and when approached 
further would fly into taller nearby trees. Observations made when fairy-wrens flew away 
revealed that all birds were roosting in groups and not individually.  
 
THERMOREGULATION 
Skin temperature was measured for a total of six superb fairy-wrens for 97 days. The longest 
recording of Tskin for the six superb fairy-wrens was a female, with 22 days of continuous 
data (Fig. 2a). Skin temperatures followed a very pronounced daily rhythm with minimum 
temperatures during the night and maximum temperatures during the day (Table 2; Fig. 2a). 
Skin temperature varied from an average of 38.8 ± 0.7 ºC during the day-time and 32.9 ± 0.7 
ºC during the night-time (Table 2). The lowest absolute Tskin recorded for all six individuals 
was 26.2 ºC at 02:00 h, at a Ta of 4.1 ºC, which was a decrease of 16.3 
oC from a daytime 
maximum of 42.5 ºC at 12:49 h (Fig. 2b). 
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Table 2. Overall mean skin temperatures (ºC), mean daytime temperatures (ºC), mean night-
time temperature (ºC), and the minimum daily temperature (ºC) with range, for all superb 
fairy-wren individuals (n = 6).  
 
Decreases in Tskin were seen every night close to sunset with steady declines occurring over 
several hours until night-time minimums are reached. On most nights cooling appeared to be 
stepped, occurring in a staggered pattern of several drops, and then plateaus, over the 
eventual decrease. Re-warming occurred much more rapidly with Tskin increasing 
uninterrupted over one hour (Fig 2).  
ID Days  Daily ( ºC ) Photophase (ºC ) Scotophase (ºC ) Daily Minimum (range; ºC ) 
FW1 15 
36.6 ± 2.0 
(31.8 – 43.2) 
39.7 ± 1.4 
(36.4 – 43.2) 
32.9 ± 0.9 
(31.8 – 37.2) 
33.8 ± 4.2 
(29.0 – 40.1) 
FW2 22 
35.7 ± 1.2 
(30.5 – 41.6) 
38.7 ± 0.7 
(37.8 – 41.6) 
31.7 ± 1.3 
(30.5 – 36.2) 
33.7 ± 5.4 
(27.5 – 40.3)  
FW3 20 
36.6 ± 1.1 
(30.8 – 41.2) 
38.6 ± 1.2 
(38.1 – 41.2) 
33.8 ± 1.1 
(30.8 – 36.7) 
 33.9 ± 5.2 
(27.5 – 40.4) 
FW4 21 
36.4 ± 1.2 
(32.7 – 41.2) 
38.5 ± 0.7 
(37.2 – 41.2) 
33.3 ± 1.6 
(32.7 – 36.3) 
32.7 ± 4.1 
(28.0 – 29.2) 
FW5 9 
36.1 ± 1.2 
(33.1 – 40.9) 
39.4 ± 0.6 
(37.1 – 40.9) 
32.8 ± 1.5 
(33.1 – 36.7) 
31.6 ± 3.8 
(26.1 – 38.2) 
FW6 7 
35.3 ± 1.2 
(30.9 – 41.3) 
37.8 ± 2.9 
(37.2 – 41.3) 
32.7 ± 3.2 
(30.9 – 36.1) 
32.6 ± 5.3 
(26.2 – 39.9) 
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Figure. 2. (a) Daily fluctuations of Tskin (dots) recorded for a single superb fairy-wren during 
July 2018, with Ta (lines) across the same time period (b) excerpt from July data for one 
superb fairy wren, with Tskin (dots), and Ta (lines) for three days and two nights (11
th – 14th 
September). The night (rest) phase is indicated by the black bars. 
 
The mean Tskin of fairy-wrens varied during the day with the highest recordings measured at 
midday (12:00, 41.5 ± 0.9 ºC; Fig. 3) and the lowest recordings seen close to midnight 
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(01:00, 31.9 ± 0.9 ºC; Fig. 3). Clear patterns can be seen in Tskin can be seen over an 
experimental day with fluctuations being seen over different hours of the day, with warming 
at 05:00 and steadily increased over the hours of the morning until 10:00 where the warming 
slowed and only slightly increased over the course of the day (mean: 40.1 ± 1.3 ºC; Fig. 3). 
Cooling began just before the sun descended at 04:00 and quickly decreased over three hours 
till a resting mean Tskin of 33.1 ± 0.9 ºC
 (Fig. 3).  
 
Figure. 3. Skin temperature measurements of free-ranging superb fairy-wrens (n = 6). Points 
are shown as mean ± 1 SD of individual means. Black bars indicate the resting (night) time.  
 
CIRCADIAN PATTERNS OF SKIN TEMPERATURE  
Sunrise and sunset did not vary greatly over the time superb fairy-wrens were studied, with 
sunrise occurring at 07:00, and sunset starting at 17:00. Superb fairy-wren re-warming 
occurred before sunrise on all mornings, with all warming occurring between 03:00 and 
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05:00. Re-warming was most commonly seen up to three hours before sunrise, and no 
occurrences close to, or after sunrise (Fig. 5a).  On average all individuals began re-warming 
before sunrise (04:52 ± 0.03 h; range: 02:44 – 06:40; Fig. 5a) with no individuals waking 
before 05:00 (Fig. 5a). Frequency was more greatly distributed before the mean at two to 
three hours before sunrise. Re-warming did occur sometimes much earlier, up to four hours 
before sunrise, yet did not take place after the sun had risen. The mean start time of re-
warming for all individuals is 2 ± 0.73 hours before sunrise (Fig. 5a). Fairy-wrens cooled 
within one hour after sunset, and up to two and a half hours before sunset (mean: 16:39 ± 
0.02 hours; range: 15:00 – 17:54; Fig. 5b). The frequency of cooling occurred more often just 
before sunset (within 30 minutes; Fig. 5b). Cooling was distributed over five hours with three 
before sunrise and two after. Several instances of cooling after sunset were observed, with 
cooling happening up to one hour after dark. The beginning of cooling was highly distributed 
to just before sunset, with median values and higher frequencies occurring within 30 minutes 
before sunset (Fig. 5b).   
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Figure. 5. (a) Time of re-warming relative to sunrise (represented by dotted line) for each 
fairy-wren individuals. With frequency histogram of time aroused before sunrise. Black bar 
indicates periods of darkness before sunrise and (b) Time of cooling relative to sunset 
(represented by dotted line) for each individuals. With frequency histogram showing time of 
cooling over sunrise. Black bar indicates darkness after sunset.  
 
43 
 
WEATHER EFFECTS ON SKIN TEMPERATURE  
Global models explaining Tskin response variables, significant fixed effects were apparent for 
only maximum daily Tskin, and minimum daily Tskin. The fairy-wren’s daily maximum Tskin, 
typically recorded in the late afternoon, was positively correlated with the mean ambient 
temperature (t = 2.1, p = 0.04; Table 4a; Fig. 6a), which was recorded the day before. The 
daily minimum Tskin, recorded usually before sunrise was positively correlated with the 
minimum ambient temperature, which is also typically recorded before dawn on the day 
before (t = 1.9, p = 0.05; Table 4b; Fig. 6b).  
 
Table 4. Results of linear mixed models showing effects of the partial effects (a) maximum 
daily skin temperature on mean ambient temperature, and (b) minimum daily skin 
temperature on minimum daily ambient temperature.   
fixed effects estimate s.e. d.f. t-stat. p-value 
a) maximum daily skin temperature (ºC ; R2marginal = 0.11, R
2
conditional = 0.53; n = 6) 
intercept 43.88 1.5 43.95 29.21 <0.0001 
mean ambient temperature (ºC ) 0.21 0.1 83.4 2.1 0.04 
b) minimum daily skin temperature (ºC ; R2marginal = 0.09, R
2
conditional = 0.11; n = 6) 
intercept 32.31 1.88 64.76 17.21 <0.0001 
minimum daily ambient temperature (ºC ) 0.13 0.07 89.92 1.94 0.05 
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Fig. 6. Results of final LME models showing the partial effects (a) the daily maximum Tskin 
on mean daily Ta, and (b) the daily minimum Tskin on the minimum Ta. Shown are fitted 
regression lines (black), 95% confidence intervals (grey), and residuals (dots). Initial global 
models included the non-significant potential explanatory variables of daily mean, daily 
maximum, and daily minimum Ta, and the final models included individual identify as a 
random factor. 
 
Global models explaining time of warming and cooling response variables, significant fixed 
effects were apparent for time of cooling relative to sunset, and time of warming relative to 
sunset. The time of cooling, measured during the late afternoon, was positively correlated 
with cloud cover at 3 pm (t = 2.080, p = 0.0258; Table 5a; Fig. 7a) of that same day and the 
maximum wind speed (t = 2.368, p = 0.0472; Table 5b; Fig. 7b) of that entire day. The time 
of warming was positively correlated absolute maximum ambient temperatures (t = 2.1, p = 
0.04; Table 5b; Fig. 7c), yet not significant with absolute minimum and mean ambient 
temperatures.  
 
Table 5. Results of LME model showing effects of the partial effects (a) of time of cooling 
relative to sunset on maximum wind speed and cloud cover at 3 pm, and (b) time of warming 
relative to sunrise on the maximum Ta. 
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fixed effects estimate s.e. d.f. t-stat. p-value 
a) time of cooling relative to sunset (h; R2marginal = 0.11, R
2
conditional = 0.53; n = 6) 
intercept -1.05 0.35 29 -3 0.006 
maximum wind speed (km/h) 0.01 0.007 24.13 2.06 0.05 
cloud cover at 3 pm (okta) 0.06 0.025 24 2.5 0.01 
b) time of warming relative to sunrise (h; R2marginal = 0.09, R
2
conditional = 0.11; n = 6) 
intercept -4.05 0.67 77.99 39.18 <0.0001 
maximum ambient temperature (oC) 0.1 0.03 77.98 2.9 0.004 
   
 
  
 
Figure. 7. Results of final linear mixed effect models showing the partial effects (a) the time 
of cooling relative to sunset on maximum wind speed, and (b) cloud cover at 3 pm, and (c) 
and the time of warming relative to sunrise on the daily maximum Ta. Shown are fitted 
regression lines (black), 95% confidence intervals (grey), and residuals (dots). Initial global 
models included the non-significant potential explanatory variables of rainfall, barometric 
pressure, daily mean, daily maximum, and daily minimum Ta, and the final models included 
individual identify as a random factor. 
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DISCUSSION 
This study shows new instances of heterothermy in Australian passerine birds. Distinct daily 
and seasonal changes can be seen in the Tb of both noisy miners and superb fairy-wrens. 
Larger decreases in Tb are seen throughout the winter, especially in superb fairy-wrens with 
overnight Tb decreasing much lower than day-time Tb. The night-time roosting behaviour of 
diurnal birds has been poorly studied, yet, resting is an important period for energy 
conservation, and due to their covered or out of reach positioning whilst resting, possible 
predator avoidance. My study provides the first observational data of night roosting 
behaviour by noisy miners throughout summer and winter. I found that noisy miners roost 
low to the ground and on the edges of canopies on small thin branches, which has 
implications for their risk of predation and day-time behaviour. I also found that during 
winter noisy miners and fairy-wrens can lower their Tb to much lower levels on certain 
nights, which is the first time these torpor bouts have been observed in superb fairy-wrens. 
The largest Tb drops would be expected to be seen throughout the winter, with some in this 
instance seeing Tb declines of up to 16 
oC on one occasion. Skin temperature was measured 
as an indication of core Tb. Skin temperature clearly exhibited daily fluctuations for both 
species, in response to Ta and the photophase and scotophase. The connection of Tskin with Ta 
was not as direct with some nights of high Ta, Tskin would remain much lower, showing that 
and direct effect of Ta on Tskin was small. In understanding the roosting behaviours and 
nocturnal heterothermic properties of woodland birds, a greater insight into the capacity for 
energy saving of other woodland birds during times of normal climates, and climate extremes 
can be gained. 
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HETEROTHERMY  
Controlled reductions in night-time physiological processes are not uncommon, with many 
instances of dramatic metabolic rate and Tb reductions recorded in passerines of Europe, 
North America, and South America (McKechnie and Lovegrove 2002). Small passerines 
have the capacity to reach low Tb in times of low energetic availability and harsh climatic 
conditions (Clarke and Rothery 2008; Gillooly et al. 2001; Møller 2010; Prinzinger et al. 
1991; Simpson 1922). The results from this study show that noisy miners and superb fairy-
wrens have daily fluctuations of Tb, with increases throughout the day to a daily Tb >40 
oC, 
and decreases during the night-time to minimums of <36 oC for the noisy miners and <33 oC 
for superb fairy-wrens. This data supports current knowledge that avian Tb is maintained at 
higher temperatures than that of mammals (Clarke and Rothery 2008; White et al. 2008), and 
that small passerines have the capacity of regular heterothermic processes (Prinzinger et al. 
1991). The observations of large Tb decreases for the superb fairy-wrens was unknown and is 
valuable for avian research to fully understand the ecophysiology and life-histories of birds. 
Avian thermal physiology is still an understudied area of research, with limited data on a 
select few species (McKechnie and Lovegrove 2002). In Australia, the study of thermal 
properties in passerine birds isn’t often studied. Much of the focus is on larger species with 
tawny frogmouths (Podargus strigoides) being looked at in the wild and in captivity. The 
frogmouths exhibited daily Tb fluctuations and used shallow day-time torpor in times of low 
insect availability (Körtner et al. 2001; Körtner and Geiser 1999; Stulberg et al. 2018). Some 
small Australian birds have been studied with small passerines such as silver eyes (Zosterops 
lateralis) and dusky woodswallows (Artamus cyanopterus) showing daily Tb fluctuations, 
and metabolic rate fluctuations during seasonal changes (Maddocks and Geiser 1997; 
Maddocks and Geiser 2000; Maddocks and Geiser 2007). Both passerines being of similar 
physiology to the noisy miners and superb fairy-wrens.  
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Noisy miners are an important species for many Australian habitats due to their nectivorous 
diets leading to important pollination for many native plant species (Ford et al. 2012). Noisy 
miners are also referred to as a reverse keystone species due to their negative impact on 
smaller birds and sometimes forcing them relocate out of their habitats (Grey et al. 1998; 
Montague-Drake et al. 2011). Noisy miners can have large impacts on ecosystems, having 
negative impacts on the plants and animals within them (Grey et al. 1998). One of the small 
birds potentially impacted by noisy miners is the superb fairy-wren. The superb fairy-wren is 
a common study and model species in Australia due to their endemism, social structures, high 
abundance, and the large amount of information already known about them. Yet, thermal 
studies are lacking for the superb fairy-wren, with this being the first thermal physiological 
study being conducted on these species. Due to high endemism among Australian birds,  
physiological traits are similar between many species (Astheimer and Buttemer 2002; Joseph 
2017), therefore putting emphasis on one well known species can lend an understanding of 
other species.  
The coastal plain of eastern Australia has a range of climates, from temperate to subtropical 
in the north, with temperatures ranging from 18 oC to 32 oC in the summer and 8 oC to 18 oC 
during the winter (Heerdegen 2006). The use of shallow torpor seen by the superb fairy-
wrens in this study indicates that daily heterothermy is not limited to animals experiencing 
extreme climatic conditions. My results suggest that more Australian birds may undergo daily 
heterothermy and shallow torpor as an energy saving mechanism. Bird species in Europe, 
such as the blue tit (Cyanistes caeruleus) have been shown to use regular torpor during 
extreme cold events when energy levels are low and food abundance is limited throughout 
winter to reduce energy costs, as well as showing that birds with larger fat reserves reduced 
their depth of torpor (Nord et al. 2011). For this reason, birds of warmer climates are often 
overlooked due to the assumption that they would not require torpor. Even though not 
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extremely cold, nightly minima were experienced at the study site of below 10 oC and at this 
Ta, thermoregulatory costs for 8 g superb fairy-wrens are 9% above basal levels, and 14% 
when Tb at the coldest measured minimums (calculated from (Lill et al. 2006)). Also, 
invertebrate activity is reduced at Ta below around 10
 oC (Malmqvist et al. 2018). Lastly, the 
energy savings from torpor could be beneficial in allowing reduced daily energy foraging 
requirements and hence less time required to forage, possibly reducing predation risk. This 
line of thinking relates to a series of papers using theoretical model to predict the 
consequences of torpor on foraging behaviour and survival of small birds in winter (Brodin et 
al. 2017). 
Australian environments in particular are often impacted by a range of natural extremes in 
weather events including fires, storms, heatwaves, and drought. With increasing studies into 
the uses of torpor, it has been found that torpor plays an important function in enhancing 
survival during such instances of extreme conditions (Geiser and Brigham 2012; Nowack et 
al. 2017). A common occurrence in Australian woodlands is bushfires, which can start 
naturally from lightning strikes (Dutta et al. 2016), as well as controlled fires (prescription, or 
back-burns) initiated to reduce the risk of large uncontrollable fires. Mammals have been 
observed using torpor in the case of bushfires. Antechinus use torpor in the wild to reduce 
energy expenditure (Geiser and Körtner 2010; Rojas et al. 2014), yet after the time of a bush 
fire the frequency of torpor use and time in torpor almost double post-fire (Stawski et al. 
2015).  Similarly, echidnas respond to the post-wild fire impacts by using torpor much more 
frequently (Nowack et al. 2016). Torpor is also used by some species to withstand short 
periods of intense storms. The use of torpor in sugar gliders is rare, yet it has been shown that 
sugar gliders used torpor during and after a severe storm (Nowack et al. 2015). Knowing that 
mammals use torpor during times of extreme weather events it can be assumed that birds 
would undergo similar processes in order to combat the reduced food availability. Owlet 
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nightjars have been observed using daily torpor during times of drought and restricted water 
access which led to restricted availability to food (Doucette et al. 2012), and other birds have 
been studied using torpor throughout times of extreme cold to overcome harsh winter 
climates (Douglas et al. 2017). During the weather event birds do have the advantage of 
flight to flee the immediate area, yet at some point in the future, they return to their previous 
habitats and territories (Reilly 1991). With mammals actively using torpor during and after 
fires and other weather events, implications could be drawn suggesting birds such as the 
superb fairy-wren undergo shallow torpor similar to that seen in this study, or deeper torpor 
bouts throughout longer more adverse conditions.   
 
NOCTURNAL BEHAVIOUR OF WOODLAND BIRDS 
To fully understand an animal’s ecology, physiology, and life-histories, it is necessary to 
have a firm understanding of all aspects of its daily cycle. One half of a bird’s daily cycle is 
its rest phase. This time of rest is an important opportunity for energy saving processes, and is 
a time of potential vulnerability if not vigilant when asleep or in torpor, as they can be found 
and predated upon, although being inactive can reduce predation risk as they remain hidden 
(Bennettand and Harvey 2009; Rogers 1987). It appears that there is site selectivity involved 
in resting for noisy miners. Throughout this study, all noisy miners observed were roosting 
>2 m above the ground every night with some variations through summer and winter. Noisy 
miners always roosted within the vicinity of at least one other noisy miner, all being close to 
the edge of the canopy on small thin branches. Hummingbird species have also been 
observed roosting on small thin branches close to the edge of the canopy (Hamel 2012). 
Roosting on small thin branches on the canopies edge leaves birds vulnerable to harsh 
weather conditions including wind and rain, yet could be a trade-off for the safety it provides 
from predators as heavier predators would not be supported by the thin branches. During 
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these observations the hummingbirds were experiencing high winds yet remained inactive 
and remained in the same position overnight (Hamel 2012). Roosting has been observed as 
anecdotal evidence in many field guides and bird handbooks, were typically birds were 
observed roosting off the ground on small thin branches (Higgins et al. 2001), allowing them 
to stay away from ground dwelling nocturnal predators (Martin and Roper 1988; Nilsson 
1984; Tillmann 2008). There is a large knowledge gap in the area of night-time behaviours 
and roosting locations of birds.  
To ensure survival birds should exhibit behaviours that protect them and their young from 
predation (Martin and Roper 1988; Storch 1990). The roosting behaviours of many birds has 
been observed as anecdotal observations, yet has limited studies to back it up. There have 
been numerous studies on the nesting behaviour of birds, putting emphasis on nest site 
selection. This type of selection can be linked to roosting behaviours as both nesting 
(brooding and incubation) and roosting occur throughout the birds resting-phase, selecting for 
similar conditions in both circumstances (e.g. thermal properties, predation, etc.). During a 
breeding season, birds are involved in a series of behaviours including the courtship of a 
mate, the construction of a nest, and the incubation of eggs. Understanding nest site selection 
and its associated behaviours is important as it can aid in determining survival and fertility. 
Birds are not alone in this type of selection with turtles risking the sacrifice of a possible 
portion of their young by laying eggs in sub-optimal conditions that have lower predation risk 
(Spencer 2002). Roost site selection has been observed in microbats with results showing 
their roost site selection involves conditions, such as Ta settings, and shelter, necessary for the 
use of torpor. Bat roosts are typically selected for lower Ta, and separate ‘maternity roosts’ 
during breeding (Hamilton and Barclay 1994; Lewis 1995). Avian nest site selection appears 
to include areas close to their current territory or areas where they reside through the active 
period (Citta and Lindberg 2007). In understanding the nesting behaviours of birds, a greater 
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insight into the reasons behind roosting behaviour can be drawn. Roosting and nesting can 
also give insight into the breeding success of many species in which nest site selection 
contributes, and the life histories of those species.  
  
LIFE HISTORIES OF AUSTRALIAN BIRDS 
Australian birds are unique to the rest of the world with tropical-like life histories leading to 
smaller birds living much longer. Thermal physiology, including Tb and metabolic rate have 
important correlations with the pace of life of animals. Smaller animals have faster life-spans 
than larger animals (Angilletta et al. 2004; Blueweiss et al. 1978; Elser et al. 1996; Western 
1979), putting more energy into quicker reproduction and maintenance. Life histories of birds 
and mammals suggest that as an organisms’ mass increases, as does its life-span (Angilletta 
et al. 2004; Blueweiss et al. 1978; Elser et al. 1996). Evidence suggests most small mammals 
have fast life histories by reaching sexual maturity quickly and reproducing and then dying, 
having only lived short lives. This is linked to their higher risk or predation and hence low 
rates of survival, and corresponding selective pressure to breed at a relatively young age to 
secure reproductive success (Conti et al. 2006; Stearns 1989). Although, fast life histories are 
not exhibited in all small mammals with bats living much longer than ground dwelling 
mammals (Holmes and Austad 1994; Stearns 1989; Todd et al. 2018).  
It is known that birds have fast life histories, living much longer than mammals of the same 
body size. The ability of flight is correlated with higher survival and therefore has led to the 
evolution of slower rates of aging (Barclay and Harder 2003; Holmes and Austad 1994; Read 
and Harvey 1989).This has been proven by evaluating the life histories of other birds, with 
weak flying birds and flightless birds having much shorter life histories than well adapted 
flying species (Barclay and Harder 2003; Magrath et al. 2000). Similarly, bats are the only 
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flying mammals (Schmidt-Nielsen 1972), and have longer life histories than mammals of the 
same body masses (Barclay and Harder 2003). Reduced daily energy budgets allow reduced 
foraging in winter when it is not needed to feed young, which increases survival both by 
reducing starvation risk and by reducing predation risk. Higher survival can be important for 
Australian woodlands because  it allows reproductive effort to be spread over more years, 
resulting in greater fitness with the higher variability of conditions in Australia over several 
years (Turbill et al. 2013). Also, there is evidence that a reduction in Tb, and consequential 
reduction in resting metabolic rate, directly slows rates of physiological processes causing 
ageing, such as oxidative damage (Turbill et al. 2011; Turbill et al. 2012). Australian birds 
are mostly endemic and unique due to the isolated evolution and Australian radiation 
(Astheimer and Buttemer 2002; Joseph 2017). Many Australian bird species exhibit 
physiological processes similar to that of tropical species with low metabolic rates, unlike 
similar species in similar habitats in other parts of the world (Bech et al. 2016). The birds 
included in this study are small to medium passerines with quite long life spans. Using the 
Australian Bird and Bat Banding Scheme (http://www.environment.gov.au/science/bird-and-
bat-banding) records of all banded birds can be accessed, as well as information of their life 
histories. The maximum life-span of the noisy miner is >15 years, and >10 years for superb 
fairy-wrens. Similar species such as the white-browed scrubwren (Sericornis frontalis) 
exhibit similar traits with long life histories living up to 17 years, and having small egg 
clutches and larger gaps between nesting attempts, both saving energy that can be better used 
in other circumstances (Magrath et al. 2000). The results of this study assist in furthering the 
understanding Australian bird life histories and filling research gaps in the roosting 
behaviours of noisy miners and the thermal physiology of noisy miners and superb fairy-
wrens.  
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CONCLUSIONS 
This study provides the first thermal physiological data for noisy miners and superb fairy-
wrens, as well as the first data of roosting noisy miners. This is the first recording of free 
ranging Tb of these two common Australian passerines, and record frequent variations in Tb in 
summer and winter. Both noisy miners and superb fairy-wrens are heterothermic, and have 
the capacity for torpor during mild climatic conditions, inferring they may have larger 
implications in more extreme circumstances. This suggests that the use of torpor is not 
entirely limited to species living in more extreme conditions and is more common in 
passerine birds than previously thought. Additionally, the nocturnal roosting behaviours of 
noisy miners were observed and recorded for the first time in this study. Birds were roosting 
on small branches on the edges of the canopy, exposed to the climate with high winds and 
rain, yet safe from heavy predators reaching them on unsupportive branches. The noisy miner 
and superb fairy-wren are examples of small bird species with long life histories. Both the use 
of torpor and roosting behaviours could be contributing factors to the longer life histories of 
small birds (Holmes and Austad 1994).   
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